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ABSTRACT: In the decoherent histories approach to the quantum mechan-
ics of closed systems, the existence of a quasiclassical domain in a large complex
system is not postulated, but is a calculable emergent feature contingent on the
Hamiltonian and initial conditions. Gell-Mann and Hartle have argued that the
variables typically characterizing the quasiclassical domain are the integrals over
small volumes of locally conserved densities. These variables are singled out be-
cause they are approximately conserved, and hence they will be approximately
decoherent. The aim of this paper is to exhibit some simple models in which the
phenomenon of approximate decoherence through approximate conservation may
be seen explicitly. We derive a formula which shows the explicit connection be-
tween approximate conservation and approximate decoherence. We then consider
a class of models consisting of a large number of weakly interacting components,
in which the projections onto local densities may be decomposed into projections
onto one of two alternatives of the individual components. One example is a box
of weakly interacting particles divided into two sections. The projections are onto
the number of particles in one section and may be written in terms of projections
asking whether each individual particle is in the left or right section. Another
example, which we consider in some detail, is a one-dimensional chain of locally
coupled spins, and the projections are onto the total spin in a subsection of the
chain. We compute the decoherence functional for histories of local densities, in
the limit when the number of components is very large. We thus obtain an ex-
plicit expression for the degree of decoherence as a function of the coarse-graining.
We nd that decoherence requires two things: the smearing volumes must be suf-
ciently large to ensure approximate conservation, and the local densities must
be partitioned into suciently large ranges to ensure protection against quantum
uctuations.
1. INTRODUCTION
One of the primary aims of quantum cosmology is to understand how the uni-
verse is classical to a very high degree of precision, given the hypothesis that it
is described at the most fundamental level by quantum theory [1,2,3]. Mathe-
matically, this aim translates into the question of why, on suciently large scales,
quantum theory admits an emergent description of the universe involving only a
small number of dynamical variables obeying an approximately closed set of deter-
ministic evolution equations.
Whilst many approaches to this question concentrate on the positions and
momenta of point particles, these dynamical variables are special cases of a more
general description of the physical world in terms of local densities: number density,
momentum density, energy density, charge density, etc. The question of emergent
3. DECOHERENCE OF DENSITIES OF LARGE
COLLECTIONS OF NON-INTERACTING PARTICLES
3(A). The System
Consider a system which consists of a very large number N of particles or components whose
interactions are so weak that they may be neglected. We are interested in the case in which each
component is described by just two alternatives at each moment of time, which may be represented
by projections P and

P = 1   P . An example is a collection of particles in a box divided into
two sections, and the projections P and

P then represent the propositions that the particle is in,
respectively, the right-hand or left-hand section of the box. A version of this system involving spins
will be described in the next section. We will refer to the alternatives represented by P and

P as
\yes" and \no", respectively.
Using these elementary projections onto the individual components of the system, projections
onto densities of the whole system may be constructed. For a system of two particles, for example,
the number of particles in the right-hand section of the box, may be 2, 1 or 0. These propositions




















It is easy to see that these projections are mutually exclusive and exhaustive, as required.
For large systems, the projections onto densities rapidly become quite cumbersome. However,















is the Kronecker delta. The projection operator onto number density n in a system of






































denote the projections P ,

P operating on component number k. What happens
in Eq.(3.5) is that in the tensor product over the F
k
()'s, the projection onto number density n
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The integration over  then picks out only the term with coecent e
in
.
These projections are onto precise values of number density. Generally one is interested in
5. SUMMARY AND CONCLUSIONS
This paper marks a rst step towards the problem of computing the decoherence functional
for hydrodynamic histories. We considered systems of essentially non-interacting particles and
studied histories of projections onto densities of those particles. Our principal aim was to show, in
the context of some simple models, how decoherence can come about as a result of approximate
conservation, in tune with the general ideas put forward by Gell-Mann and Hartle [4,5].
The results of Section IV show explicitly how approximate decoherence is related to approxi-
mate conservation: the degree of decoherence increases as the smearing volume increases (at least,
for volumes less than half the total volume of the system). The degree of decoherence, however, is
not very good. This is because we considered single particle models in Section IV, and the histories
dier by just one quantum of spin. The histories are therefore not \macroscopically distinct" and
one would expect that interference between them could still be quite noticeable. Dierently put,
it is because the uctuations in variables in question (e.g., number density) are comparable to the
values of the variables themselves.
To obtain adequate decoherence, it is necessary to have a large number N of particles and
partition the number density by large ranges . It is here that the results of Section III came in.
We found that when the histories do dier by macroscopically signicant amounts, interference is
destroyed very eciently. Clearly what is happening here is that the uctuations in the variables
are much smaller than the variables themselves.
From this we conclude that, in these simple models, decoherence requires two distinct phe-
nomena: approximate conservation, and large particle number partitioned into large ranges. Ap-
proximate conservation ensures that the dynamical variables projected onto become suciently
slowly varying for suciently large smearing volume. Large particle number partitioned into large
ranges ensures that the quantum uctuations in the local densities are smaller than the values of
the variables themselves. These conclusions concure with the general expectations expressed in
Refs.[4,5].
The restriction to non-interacting particles may seem rather unrealistic. It means that con-
servation may already be seen at the one particle level, whilst for an interacting theory, it is only
seen for the whole collection of particles. Although physically unrealistic, it had the mathematical
advantage that the eects of large particle number and approximate conservation could be cleanly
seperated. Moreover, one would not expect the inclusion of interactions to substantially modify our
conclusions (although this is clearly an important extension to carry out). The point is that here,
it is the approximate conservation and large particle number that produce decoherence, not the
interactions. This is in stark contrast to the vast majority of other models studied in the literature
on decoherence, in which it is interactions (usually with another system) that are held responsible
for decoherence.
This paper is, as stated, a rst step in an extensive investigation, and there are therefore many
ways in which it may be developed. Perhaps the next step is to seek a more sophisticated model in
which one would expect the probabilities for histories to be peaked about interesting approximately
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